A simple and practical spatial-temporal disaggregation scheme to convert observed daily rainfall to hourly data is presented, in which the observed sub-daily temporal profile available at one gauge is applied linearly to all sites over the catchment to reproduce the spatially varying daily totals. The performance of the methodology is evaluated using an event-based, semi-distributed, nonlinear hydrological rainfall-runoff model to test the suitability of the disaggregation scheme for UK conditions for catchment sizes of 80-1,000 km 2
river flow simulations based on daily gauges inside the basin disaggregated to hourly rainfall using a nearby gauge improved in comparison to those run using hourly rainfall from gauges outside the basin or those run with daily gauges only. Franchini et al. (1996) and Maskey et al. (2004) observed that the appropriate characterisation of the temporal distribution of rainfall is necessary for hydrological modelling. Based on data from nine states in the US Midwest, Franchini et al. (1996) used a probabilistic disaggregation scheme to convert cumulative storm depths to hourly data and coupled it with an event-based rainfallrunoff model for estimation of annual exceedance probabilities of flood peaks. The authors observed a large variability of the flood peaks due to the variability of the temporal distribution of storm depths and variability in initial soil moisture conditions. In the context of real-time flood forecasting, Maskey et al. (2004) assessed rainfall uncertainty in rainfall -runoff modelling. They used temporal disaggregation of the precipitation over a 3 h period into sub-periods (1 h and 30 min) and allowed the uncertainty in both the temporal and spatial distributions of the rainfall to be accounted for. They applied various rainfall patterns over the catchment to assess the impact of rainfall distribution and varied the temporal pattern over the sub-basins to account for the spatial variation of rainfall. The disaggregated precipitation signal was then used as input to a rainfall -runoff routing model.
Based on 60 h forecasts on a 1,744 km 2 catchment in Poland with nine sub-catchments ranging in size from 64 to 280 km 2 , the authors concluded that the variation of temporal profiles over sub-basins was much less important than the need to represent the temporal structure at the large basin scale. They also observed only marginal differences when disaggregating into 30 min sub-periods instead of 1 h, which seems to indicate that an hourly time step is fine enough to model the streamflow for their application.
Finally, in a study on a 420 km 2 basin in New-Zealand, Woods & Sivapalan (1999) suggested that a rainfall representation described by an hourly spatially uniform temporal profile conditioned on storm averaged totals is appropriate for runoff production in humid temperate areas.
Based on radar data, the authors argued that the spacetime rainfall field can be determined from a temporal profile of rainfall defined as the storm (space) averaged rainfall time series and scaled at any pixel location using a dimensionless rainfall space pattern.
We conclude that hourly data seem more appropriate than daily data for flow simulations in medium to large catchments of the order of, say, 100 to 2,000 km 2 (strict definition of scales is not possible due to the effects of other catchment characteristics) in humid temperate areas, and that the literature suggests that a single temporal profile of hourly rainfall may be adequate to represent the effects of temporal distribution over an area represented by several gauges. This was illustrated by Segond et al. (2006) , who presented a methodology in which spatial variations of multisite daily rainfall are directly incorporated in a modelling framework using a Generalized Linear Model.
Then the temporal profile of simulated hourly rainfall (using a single-site disaggregation procedure) of one of the sites is used to disaggregate the daily rainfall totals at the other sites to obtain multi-site sequences of hourly rainfall.
They obtained satisfactory results in comparison to the observed rainfall time series. However, an important question remains concerning the subsequent effects on the runoff hydrograph. Hence this paper aims to test the suitability of the rainfall disaggregation scheme for rainfall-runoff modelling using a numerical investigation based on semi-distributed modelling of the upper catchment of the River Lee, just north of London, UK, which has a humid temperate climate. In a previous paper (Segond et al. 2007) , the authors assessed the impact of spatial rainfall data on runoff generation using various rainfall estimators (full rain gauge network, subsets of the rain gauges and radar data) for catchment sizes of 80-1,000 km 2 . Results showed a complex picture but overall it seemed that the rainfall spatial variability had a dominant effect on runoff generation. In this paper, the rainfall disaggregation procedure is assessed which, as discussed above, preserves the areal variation of daily rainfall but tests the suitability of a single temporal profile of hourly rainfall applied with linear scaling over the catchment.
The second section describes briefly the case-study should be noted that, in applying our disaggregation method to a master gauge and using the same profile at the other gauges, we are in effect assuming that hourly spatial correlation is as high as daily spatial correlation.
The scheme is now illustrated on two contrasting events, representative of frontal and convective activities.
The standard profile of observed hourly data of the master It could be argued that this disaggregation scheme may not be adequate for rapidly moving storms. Therefore a visual inspection of an available radar archive was carried out, based on 12 years of 2 and 5 km data at 5 and 15 min temporal resolution, respectively, from the C band radar network located at Chenies, north-west of London. The radar covers the region of the Lee catchment and the data were also provided by the Environment Agency of England and Wales. Study of the radar archive revealed that the storm speed is relatively constant in this region, so that rapid storm movement was not a major concern. Further, at the large catchment scale, although the rainfall variability may increase, so does the integrating effect of the catchment (Segond et al. 2007 ) and therefore a detailed representation of rainfall may not be necessary. As illustrated in The calibration of the rainfall -runoff model was based on a total of 28 events that span the whole dataset. Model parameter calibration and validation were based on three criteria: the reproduction of the peak outflow (Q p ), time to peak (T p ) and the well-known Nash-Sutcliffe efficiency (NSE) (Nash & Sutcliffe 1970) Table 2 .
JOINT TESTING OF THE RAINFALL DISAGGREGATION SCHEME WITH RAINFALL -RUNOFF PROCEDURES
As mentioned above, a spatially uniform temporal disaggregation of observed daily rainfall to hourly data is tested for hydrological applications. The sub-daily temporal profile of the master gauge 163, which is taken as the rain gauge 
where C i and R i are the discharge calculated using the rainfall disaggregation scheme and the reference discharge with mean R, respectively, at hour i. NSE ref is used to eliminate model errors when comparing disaggregated rainfall to reference rainfall.
Results are first presented for the case of the natural basins.
In a second experiment, the basins are artificially urbanised. 
Results for rural catchments

Results for urban catchments
In this subsection, we artificially turned the subcatchments into urban basins to explore the applicability of the disaggregation scheme on fast responding watersheds.
The effect of urbanisation on runoff is due to (a) increase in impervious area which increases the amount of runoff and (b) hydraulic improvement of flow paths which speeds up the response. RORB handles (a) by changing 
CONCLUSIONS
The methodology for disaggregation of observed daily rainfall to hourly information was tested with respect to simulated runoff response. Using this scheme, the spatial pattern of daily rainfall is preserved, but a single subdaily temporal profile of rainfall is applied uniformly in space. Overall, when there is a lack of available rainfall data at sub-daily time scale, this simple disaggregation scheme conditioned on real or simulated daily rainfall can provide a useful alternative. The main limitations concern the unsuitability of the method for highly urbanised basins and convective rainfall and the method is applicable only for a limited spatial extent. The maximum spatial extent to which this method can be applied will depend upon the spatial correlation structure: the assumption that hourly spatial correlation is close to daily spatial correlation becomes less tenable as the inter-gauge distance gets larger.
Radar data can be used to estimate hourly rainfall in convective events; however, long sequences of homogeneous radar data are not always available. The procedure presented here can be readily implemented, recommended with some confidence for frontal rainfall in the case of rural catchments up to about 1,000 km 2 and is expected to have applicability to regions with a similar climatic regime. The method proved to be suitable on an event basis; possible extension of this work involves testing the rainfall methodology with continuous hydrological simulations.
